Introduction.
In a previous publication [1] , we gave an analysis of the static and dynamic properties of the paramagnetic Yb3 + impurity in a cubic metallic host, palladium, based upon the emission Mossbauer spectra on 17°Yb between 0.1 and 2 K. We derived the crystal field level scheme of Yb3 + : the ground state is the r 7 doublet and the first excited state is the r 8 quartet lying at an energy of only about 2.5 K above the ground state.
This fortuitous quasi-degeneracy of the two lowest crystal field levels is very unusual, and we showed that it is responsible for the peculiarities we observed in the static and dynamic properties of Yb3 + in Pd
The slow relaxation spectrum emitted by 1'°Yb in Pd at o.11 K shows an important static line broadening that we attributed [1] to the presence of a distribution of crystal field parameters at the site of the Yb3 + impurity, caused by the random lattice deformations occurring in the sample. In palladium, these non-cubic crystal field components (which magnitudes are about 0.1 K [2, 3] ) appreciably mix the « cubic » ground state r 7 of the Yb3 + ion with the low energy excited state T8, and lead to an exceptionally important deformation of the slow relaxation hyperfine spectrum associated with r 7.
In publication [1] a first analysis of the emission spectrum at T = 0.11 K, made with a simplified axial strain model, allowed us to obtain simulated spectra close to the experimental spectrum in the hypothesis when the T8 quartet (and not the r 6 doublet) is the first excited state with an energy of about 2.5 K.
However, some of the features of the experimental lineshape remained unexplained within the frame of the above model : i) the value obtained for the Isomer Shift (I.S.) did not match with the values usually observed for 170Yb3 + in metallic hosts [4] ;
ii) we had to artificially introduce a non-zero mean axial component of the crystal field in order to account for the strong reduction of the 1 7°Yb3 + hyperfine constant with respect to the theoretical value associated with a r 7 state.
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In the present paper, we have performed a more refined analysis of the combined effects of the hyperfine interaction and of the crystal field deformations on the slow relaxation Mossbauer spectrum associated with the electronic doublet r 7. We introduce quantum mixing of the crystal field states via the hyperfine interaction (whose magnitude is about 0.1 K for a rare earth ion), and we use a decomposition of the magnetoelastic interaction (which couples the Yb magnetic moment J and the crystal field distortions) according to the irreducible representations T3 and r 5 of the cubic group. With respect to the model calculation of reference [I] , the present approach of the problem is more realistic. First, instead of considering only axial deformations, we take correct account of the symmetry properties of random strains at a cubic site. Second, the perturbation treatment is more adequate : while in reference [1] , we treated the hyperfine interaction at first order with respect to the crystal field (cubic + deformations), in the present paper, we consider both hyperfine and magnetoelastic interactions up to second order perturbation with respect to the cubic crystal field. We also included the second order corrections due to the strain interaction in the electro-nuclear levels associated with the ground nuclear state, which had erroneously been omitted in reference [1] . Section [5] [6] [7] . For a Kramers ion, this coupling may be written, up to second order terms in J :
In this expression, the { G3g,j' ESg3J } tensor is the relative strain tensor, and' the operators 03g,j and o Sg,j are equivalent-operators of second order in J (see sect 5). The magnetoelastic constants V(T 3) and V(F5) have an order of magnitude of 10 K for rare earth ions [6] , and the relevant relative deformations amount to a few 10-3. In a crystal, the values of the strains G3g,j and GSg,j are generally distributed at random on the lattice sites. In this paper, we shall use a distribution represented by a symmetrical binomial law (see sect. 5).
The free ion Yb3 + hyperfine interaction in the excited nuclear state of 17°Yb, with nuclear spin le = 2, contains a magnetic and an electric quadrupolar term [8] :
The hyperfine constants a. and b. for the J = 7/2 state of 1'°yb3 + are [9, 10] [12] [13] [14] . In AuYb 3+ : · Aeff = A + AAec = 13.20 ± 0.07 mm/s [11] , which demonstrates that åAec is very small ( 0.01 A).
iii) the static broadenings of the two lines are zero to first order perturbation. In AuYb at low temperature and for low enough impurity concentration (~ 100 ppm), the electronic relaxation is negligible and the broadenings of the two lines are small and have the same magnitude (OG N 0.6 mm/s at T = 0.1 K).
In contrast to the above, the analysis of the T = 0.11 K spectrum in PdYb3 + (see Fig. 2 ) performed in reference [1] Fig. 4 Sect. 3)] and the linewidth. This last parameter has been fixed to 2.8 mm/s [1] : the natural linewidth of the transition is 2 mm/s, a broadening of 0.7 mm/s comes from the reference absorber we used, and a weak dynamical contribution estimated to be 0.1 mm/s at T = 0.11 K in PdYb3 + [1] is also included If one assumes values for the energy distances A(F6) and A(F8), the fitting of the experimental spectrum allows in principle the quantities V(r 3). a3 and V(F5)' 0' 5 to be obtained In fact, it was not possible to follow this fitting procedure because the computation time involved would have been too long. Indeed, in order to obtain a good approximation of a continuous distribution, the number of points N of the binomial law must be chosen greater than 20.
But the number of iterations to be performed in a spectrum computation is N 5 in the presence of deformations of the two types r 3 and r 5' N 3 in the presence of deformations of r 5 type only, and N 2 with r 3-like distortions alone. In a reasonably long lapse of time, we could only perform spectral simulations in the presence of only one type of deformation. We then tried to obtain the best reproduction of the spectral shape and of the experimental broadenings. The reduced number of iterations (N 2 or N 3) allowed us to get simulated spectra of good quality with N = 20 for T3-like deformations and N = 12 for T5-like distortions. The distribution law is the binomial law 1 /219 Ck19. figure 5 is more asymmetric than the same line on figure 6 , whereas the experimental line is symmetric to a good approximation (see Fig. 2 ). The differential broadening of the 2 lines is less important for the spectrum on figure 5 than for that on figure 6 . By comparison, the experimental spectrum seems closer to the spectrum on figure 6, [7] [V(F3)' a3 = 0.03]. 6 In order to perform spectral simulations, we have to repeatedly compute the eigenvalues of these two matrices. So we tried to obtain the analytic expressions of the characteristic polynomial of each of the two quatemionic matrices, using a formal programmation language [21] . Since these characteristic polynomials are scalars, they depend only on the scalar quantities built from the 2 + 3 components of the relative strain tensor which transform like r 3 and r5. There are five independent scalar expressions that can be built from T 3 and r 5 alone, and they are the following :
RESULTS
We obtained in this way the following polynomial for the 4 eigenvalues of the cubic crystal field in the presence of a set of relative distortions ( 8; ) :
As to the quatemionic matrix associated with the nuclear excited state, which is of dimension 20, its characteristic polynomial in the 10 variables ), aj, bJ, A6, As, G33, G55, G333, G355, G555 contains a priori 319 663 terms; therefore, it is nevertheless more advantageous to numerically compute the eigenvalues than to try and establish such a big expression, which has no straightforward compact expression.
We also computed the Mossbauer transition energies up to second perturbation order. However, the expressions obtained could not be used in the spectral simulations because the perturbation treatment is only valid in a limited range of parameters (typically : Ve 0.01 'A 8), whereas a correct simulation of the experimental spectrum requires values of V e up to 0.1 Jg.
The second order correction to the energies associated with the ground nuclear state is straightforward. 
